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The 'Effect o Position and Format
on the' Difficulty f Assessment Ei.tercises

4

Nancy W. Blarton,Robert-C'. Larson and Alex M. Pearson

.Na;ticinal ASsessment of'Educhtional-Progresth

ective.

.
.

.

hasThe Ziational Assessment of Educational Progress has the charge
. of ga ering and reporting educational achievemeht data, that.are

?. c".--

- accurate representation of absolute performance now:,
., '921 of thehation's-nine-year-oldg Carl multiply

3 x 0 (NAER, January;1975)
. 4 .

t- a pr cige representation of.perfOrMance now telative 'to
perfo ance,three 'to seven yearg Sgo:-. e.g.,,kn 1973:47%

.

of 17 ear-olds knew the pqrpose df an electrical .transformertis
This i a 13% decline since

,
69. (NAEP, May 1975) .

.
.

The bgseline me ure of absolute performance must be reliable,
though not necessarily in the accepted psychometric Sense. It may
`be better to say that the measures rust be '"accurate.'" A Measur''e

i-may be reliable without being accurate: a scale that consistently
-adds ten pounds to ane'sweight may be perfectlyr reliable. t ..

For the relative'change measures, reliable biasesare
4unimpor-

tant, since the difference between two biased measures is the same'
as the difference between two unbiased measures, if the bias is
simply a coitstant that cancelp out. However, the bias in a measure-
may also change over time. _Suppose, for example, one saw an increase
of 2%1 in 13-year-olds' performance on a certain reading task,
Suppose, however, that there was alSo a 6% declinWip'the non-response
r,ate: suppose, that is, that 6% more respondents were guessing
rthet than leaving theitem blank. tven if children cou],d guess
no bitter. than chance, one'would expect 1.5%' more children, on 'a
four-alternative--item, to get the correct answer because of that
chaRge in response-patterns. This would change a Statistically ;
.`stable'2% improvement to a non-significant .5% improvement.

National,Assessmenthas always 'used an "I don't know' foil on
all,cognitive multiple-choice items±to discourage 'respondents from
guessing. GuegSing not only, inflates the estimation at one, point
in time of thdpgrceht of respondents whip can"d6 the task, but also, '
a dhenge.inguessirig behavior, (as Illustrated above) can .affect the
intexpretation of a change in percent of success over time. Unfor-

..-tunately,'the pattern of response to an "I don't know" (IDK) foil

s
, . ,

.1,A 2%'iridrease, since, there are 3.6 Million I3-yeat-olds in\the
nation; means:that 72;000 more Children can perform the reading

, , .

task. ,

\\ /

-1..--' .
.
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can als differ for different groups. Sherman (1974) found that
some southeasterners, females, blacks, arid rural persons use the
IDK poorly.' Thus the "I don't know can contribute to biat'in a.,
'measure atone point in time or change measures over time, as much
as a diffetential tendency to omit items.

. .

.
. ../

Other potential sources of bias over time includ changes .n

procedural matters,.such'as training/Sr ekperiendd 6 test adminis-
trators, or school cooperation, or type of print. us d.in packages
(test booklett), or the voice which readsthe exercises on tape.
One of the most, serious potehtiel sources-of bias arises because
National Assessment releases some exercises for, publication and
does not, reuse tttem. The remaining unreleased, exercises are then

- repackaged and'reassessed.for change.,%Since they have been ,.
, repackaged, they are presented for the.second time\in different
orders, different contexts, and different Positions. Any of*these
variables may affeCt performance and thus' either hask,or exaggerate
the change in performance over time. .

.

iv
Thus,\National Aksessment measures of change as well as seline

'performance' must be extremely accurate. From the first, Nationa
Assessment les.devoted great resources to precise siling desi
In the,lastfewy 3.eart, it' has also begup;to devote re ources t
locating, sources of non-sampling error. s. Many of-these non -s ling,
errors haye been dismissed'aS'unimi5ortant .on conventional to f.
Conventional tests are collectiOns of items, ted sum of which it-
taken to measure a rather globally defined trait-such as "intelligence
or "arithmetic achievement"77andthep only relative.to some norm
group. Inaccuracies due to indiYidtal items and thds examinees' ,

response to thelli can, to some extent, be sUpposed,to aerage out in
the total score. Because of NAEP's item -by"-item reporting, th&de

. , .-
errors once again becoMe'important., . ,..,s, k _ -,_

c N.

Objectives. , '
. . ,

. .

P

.

. ,

The purpose of the presentetudy was to determine the effect "
of two sources of ion-sampling error: position in package (beginning,

middle tor end, df the assessment instrument) and exercise format
.(multiple-chpice with'ah "I dOn't.knbw" altel.pative, multiple choice'.
without IDK,,and opent-ended)., ObYlodslY, position in package is a
source o,f errr that' one cannot eliminate, ,since some exercise or

--Other alwayt must be first, middle dr.last in a package. itis a .

source of error 'that oanbe held ,constant over time, however, if it
is found to 4e important... Further study of the 'IDK foil may, show,
ghat it should be ciropried (in. future item developtent:' it cannot

. be dropped from cthange exgrciseb even though bias it strongly
su,spected); rtplaced,with'orrectdons for guessing; retained;
retained,but,supptemented,with corrections for guessing. The
present study can provide some data to answer-these questions;',
however, it, must. be,etphasIzed that the ,present data were-arl-
collected at one time andso questions about change analyses cannot
be fully answered.

---'
. .
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Methods: and Data Source..

The present study was included in the 1973-74 assessment of
Writing and Career and Occupational Development. It is, therefore,
based on tational'probability samples of 2,500 9-year-olds, 13- year -.,
olds or 17-year-olds for each item. At each ,age, nine different
packages were involved, and thus nine different samples of 2,500
respondents. Each package was a block in the 33 balanced incomplete
blocks design used at each age'. The three factors'in the design
were

- exercise content - three different science questions were
developed, such that exactly the same stem was used for both
multiple-choice and open-ended formats;
format - multiple choice with IDK, multiple without IDK,
and open-ended;'
position in package - beginning, middle, end.

Ea
represen
example,

of the nine packages cont ned three exercises which
ed each content, each format and 'each osition. For

ckagell at age 9-,contained

Beginning

Exercise about blo?d
circulation,.
Multiple-choice
without IDK-

Midd1p

EXercise about
largest living
animal`,
01)01-'ende

,

1

End

Ekercise about
lightning and
thunder,.
Multiple-dhoiCe
with IDK

See attachments 1, 2, and 3 for the Wording of the exercises in
the multiple-choice and IDK format. Attachments 1, 2, and 3 also
give the national percents for each foil (including IDK and'no
response) for each exercise, format and pasitiod.

Results.

The design was set up so that\th analysis of variance estimates
for the-main effects were unconfounded with blocks, but all inter-
actions were partially confounded.2 To get some independent estimate
of these block effects, a marker exercise was placed at the end of
each of the nine packages. This marker exercise allowed an empirical

- estimate of the sampling variability; .it also contained variation
due_tothe,accumulated effect of differing contexts of presentation,
sinde..the, nine packages all contained different Wr,iting and COD
,exercises. This, marker exercise contained five parts. (five different
guestions apou't reading a map) . The variance component due to - :,

.parts within blocks--that: iS,!the natural variation in the difficultt
.of the five questions--Wa's at least 50-tirdegreater than the .

component due to the block effect. thus the-block effect, though
. : ,

t
, '

2Components of the interactions were calculated by the modular
arithMetic method described in Winer (1971, p. 606ff).

r



in some cases statistically significant because of large sample
sizes, was very'small compared to the normal variation among
exercises. There is a second reason for disregarding possible
block effedts: Inspection of the Analysis of variance tables
(attachmentS14, 5 and 6) shows that the mean squares for confounded
interaction p'Arts were about the same size as the mean squares for
the unconfounded interaction parts. Both of these pieces of evidence

,

indicate that the main within blocks analysis can be interpreted
straightforwardly: 4

t

At all ages, there was a large main effect for exercise
contents- -which is simply to say that some questionl_were harder
than others. There was also a main effect,far.-f6Ygat. Only
age 9 was there a significant position effect. It did not appiar
to be a fatigue effect, which:might be expected with these young
children, but rather a disadvantage in performance to the beginning-
of-the-package exercises.. It should be noted. that these beginning
exercises were never first in package, but simply occurred within
the first 4ve minutes of testing. Again At all'ages there were
content by format interactions, which can basically be interpreted
as,proving that some tasks are more difficult than others in the
open-ended format.

The significant format effect deserves' further discussion.
Exhibit 1 displays the mean percent correct (averaged'over the
three positions) for each exercise in each format at each age.

Exhibit 1. Means and Standard.DeviAtions /(i. patentheses)
for Three Different' Formats of E ercises

Exercise #
1 --,

Age 9 2

3

average* .

Age 13 2

. 3

-average*
1

Age 17 (2

3

average*

overall
avaage*

Multiple choice
- IDK \+. IDK

Open-Ended

76.9 (1.80)
27.5 (2.07)
65.2 (1.61)

.68.9 (0.76)
26.4 (4.74)
62.3 (1.37)

52.6 (0.67)'
5.5 (0.75)
22.7 (2.15)

56.51(1.83)* 52.52(2.88)* 26 91(1.87)*
47.4 (1.29) 41.0 (1.13) .8 (0.6 -1)
59.1 (1.55) 58.6 (1.53) iS)2.9 (3.50)
23.8 (0.53) 22.9 (1.66) 10.7 (0.65)*
43.42(1.20)* .40.86(1.45)* 16.44 .08)*
53.5(0.67) . 44.8 (1.15) 13.5x(1.00)
72.7 (2.73) 71.3 (0.45) 48.92(1. 5)
17.7 (2.22) 14.6 (1.06) 11.0 .0. 4'i

47.96(2.06)* 43.57( :94)* 24.49(1.01fr

- 1

49.30(1.74)* 45.6.5(1-P94)* .61(1.55)t

*Standard deviations the "average" column are the s
of pooled within-cell variances.

6

dare root



\ . _ 1,.

The 'overall average (the last line in the table) shovels a large

...
,

.Q ,._. .

diffe4rence between open-ended and multiple-Choice fo ats and a
,. smaller--but still statistically significipt17.-diffe once between
the two multiple-choice formats. . Having the "I don' know" foil

. does reduce the overall,percent correct. Hang th "IDK"
not'slightly increase the variance,.Jmalet this eXperimeht as not

sensitive enough to detect it.`` \

Importance of the Study.

This i4One of,a series, of studiea to locate s
sampling errors in the estimates of perfOrmapCe;on
The goal is to increase the accuracy of baseline an
Considering thpt, an the first asseSsmentof chang
the average decline in. 9-.:year-oldsrformance wa
1.9%; and in -17st, 2.3% (NARP,. Februar 975), it
great precision. is required to detect ch es.

4

urces of non-
ssessmept asks.
change es 'mates.

In Science,
1.8%;

s opviouS that

,

This study has resulted in several fuft n eAigations.
,

Because of the' stability of the smen.,block' ) effect, NAEP
staff is now looking,at,methods of adjusting sam eights to
make packages more comparable. Because of'some in nsis ency in
performance of IDK vs no -IDLE multiple- choice exercis staff is
continuing to.examine the use of item-scoring fo la's' (-ersions
of correction-for-guessing techniques) as an alternative to the

\ u I don't know" foil: These'investigations will h pefully lead to\

` pew techniuds for ihcreasing, the accuracy of asS ssment results.

18 1

=.1.38
20

(a = .7 5)

- 6
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Att4chment 4. Analysis of Variance'Table for Age 9 Design
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Attachment 5. Analysis of Variance TabLf4 Age 13Design
cr,

Degrees-of
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Within Blocks 18 .

Exercise :r E 2 4411.3 2205.7 689**
Format: 2 .3990.9 1995.4 624**
Position: P , 2 7.4 3.7 1.2

( F (2) (430.3)

E x F 2 . 430.3 215.2 67*

(EP
2

).1.1 (2) . (.721)

E x P .721 .36

(FP) (2) (.134)

F x P 2 .134 .07

(EFP) (2) (.867)

, (EFP2)

(EF
2
P)

(2)

(2)

(15.836)

(2:614) ti

ExFxP 6 / 19.3 3.2

between Blocks (8)%
0

(pF). (2) (263.8)

(5.P) '41(2) (1.4)

7 FP2) 12) (15.4)

(EF
2
P
2

) (2) (3.2)

*a < .05
**a

r

ti

S

0

It

0

4

e

7

AIM



/ .

- 12 -
.

'( EF2).',..-
.

-.,

.

3,
E:x F

', ,. (EP2i
.f

E x 1>

(FP),

SOurce of Variation

Within Blocks

Exercise: E
Format:. F
Position: P

F x P\

Attachment' 6. AnalysEb of .Variance Table for Age-1/ .Design

(EFP)

,(EFP2)

(EF2P)

ExFxP

Between Blocks,

.

(EF)

(EP)

(FP2)

(EF
2
P2 )

De4rb'es of
Freedom

(2)

(2)

(2)

(2)

(2)

(2)

(8)

(2)

(2)

(2),

(2)

'18

2
2

2

2

2

2

6

Sum ,of
Squares

(646.3)

(5.5)

(4.9)

(7.1)1

(1.6)
(6.8)

11211.7
2801.7

1.2

(336.7)

(7.5)

(2.7)

(0.2) .

15.4

Mean ,

, Square'

5605.8'
1400.9

6,

646.3 323.1

5.5 2.8

4.9 2.4

.2.6

ti

7

F

2156 **
539**

124**

1,.1

> 1'
$

**a .01


